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g Coating powder. 

© Powered coating compositions composed of a bonding 
agent of unsaturated polyester resin and hardening catalyst and 
bonding agent. The composition, prior to the addition of any 
catalyst, is a mixture of CO about 85 to 100 weight percent of a 
mixture of polyester resins, which itself comprises about 70 to 
about 98 weight percent of a first polyester resin composed of at 
least one unsaturated polyester resin, the first resin: (i) having a 
melting point of at least 70°C as measured with the Hng-and-bail 
method, (if) occurring as a free-flowing powder at temperatures of 
up to 25°C, (Hi) having a degree of unsaturation of at least 1 5 
calculated as weight percent maleic anhydride to the total polyes- 
ter, and (iv) yielding a product having an elongation at break of at 
most 10% upon curing with styrene; (b) about 2 to about 30 
weigth percent of a second polyester resin composed primarily of 
■*) at least one unsaturated polyester resin, the second resin yielding 
(D a product having an elongation at break of at least 50% upon 
Jtfl curing with styrene and the amount and the melting point of the 
™ second resing being such that a mixture of the first and the 
O) second resin has a melting point by the ring-and-ball method of at 
© least 40°C; and (H) about 0 to about 1 5 weight percent relative to 
the first and second resins of one or more copolymerizable 
O monomers and/or prepolymers having a boiling point of at least 
200°C. Such compositions are very suitable for preparing a top 
Q, coat using the In-mold coating technique. 

ui 
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COATING POWDER. 

The invention relates to a powder that may be used to apply a 
coating to an object by in-mould coating - 

This coacing method, and the powders suitable for use therein, are 
described in US 4,288,113 and US 4,205,028- The object of the invention 
is to develop powders which are suitable in particular, for the coating 
of thin-walled objects, for example car-body parts consisting of fibre- 
reinforced, hardened unsaturated polyester. 

Such parts are manufactured mainly from sheet-moulding compounds. 

According to the invention, in a powder ous coating agent on 
the basis of an unsaturated polyester resin with a hardening catalyst 
and, if desired, conventional other additives, Che bonding agent con- 
sists of a mixture of: 

a. 70-98 wt.Z of one or more unsaturated polyester resins having a 
melting point of at least 70 *G as measured with the ring-and-ball 
method, which mar occur as a free-flowing powder at temperatures of up 
to 25 °C, have a degree of unsaturation of at least 15 X (calculated at 
wt. % maleic anhydride, referred to total polyester) and upon curing 
with styrene yield a product "having an elongation at break of at most 10 

- Z , and 

b. 2-30 wt.Z of one or more unsaturated polyester resins which upon 
curing with styrene yield a product having an elongation at break of at 
least 50 %, the amount and the melting point of component b) being such 
that the mixture of a) and b) has a melting point (ring-and-ball) of at 
least 40 °C, and 

c. 0-15 wt.Z referred Co the mixture of a) and b) , of one or more copo- 
lymerizable monomers and/ or prepolymera having a boiling point of at 
least 200 °C. 

The coating powders according to the invention are highly 
suitable for application in in-mould coating. The topcoat made thereof 
is of good continuity, adheres well to the hardened polyester which the 
coated object consists of, also upon bending thereof, and has a 
favourable combination of hardness and impact resisCance* 
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The unsaturated polyester resin of type a) is a more or less 
conventional type of resin, obtained by condensation of one or more 
diols, and one or more dicarboxylic acids or anhydrides thereof, at 
least one of which is unsaturated. As diols, mention may be made of the 
aliphatic, cycloaliphatic or aromatic diols containing 2-18 carbon 
atoms, sach as ethylene glycol, propylene glycol, 1,4-butene glycol, 
butauediol-1.4, neopentyl glycol, 1,4-cyclohexanedimethylol, 
1.4-dimethylol benzene, hydrogenated hisphenol-a, diethylene glycol, 
dipropylene glycol, 1 ,4-cyclohexane diol and pentane diol. By 
preference, the hydroxy 1 component consists for the greater part of C2— 4 
diols. Possibly, a minor amount of a mono-alcohol or a trlfunctional 
alcohol may be incorporated. The carboxylic acid component consists of a 
mixture of one or more unsaturated dicarboxylic acids, such as maleic 
acid, fumaric acid, maleic anhydride, itaconic acid, and one or more 
aliphatic and/or aromatic dicarboxylic acids. By preference, a com- 
bination of carboxylic acids is used in which besides the unsaturated 
dicarboxylic acid mainly an aromatic dicarboxylic acid is present, such 
as phthalic acid, isophthalic acid or terephthalic acid. If so desired, 
also monocarboxyllc acids or tricarboxylic acids may be used in minor 
amounts • 

The polyester should have a degree of onsaturation, expressed 
as the weight percentage of maleic anhydride used in the synthesis, of 
at least IS Z. If a different dicarboxylic acid was used, for example 
Itaconic acid, the degree of unsaturatiou can be calculated by conver- 
sion to the equimolar amount of maleic anhydride. By preference, the 
unsaturatlon is at least 20 wt-Z.* The starting materials used, .their 
ratio and the degree of condensation are chosen so that the polyester 
resin has a melting point of at least 70 *C (xing-and-ball) and can 
exist as a tack-free, free-flowing powder at a temperature of up to 25 
°C- The melting point is preferably between 70 - C and 120 °C, and 
generally lower than 150 °C. 

The unsaturated polyester should be curable to a relatively hard, 
possibly slightly brittle product. This can be investigated by 
dissolving the unsaturated polyester in styrene to form a 60 wt.Z solu- 
tion and curing in the usual manner using methyl ethyl ketone peroxide 
and cobalt octoate as the curing system. The elongation at break of such 
a cured product should be at most 10 Z, and is preferably at most 5 X. 
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The resin b) functions as a flexibilizer in the system. 
I. should be copolymerizable together with resin a) but in general haa a 
lower degree of unaaturation. It is an unsaturated polyester, which 
means that the poller chain contains ester bonds, but besides 
5 polyesters of the classic type also polyesters containing dimeric fatty 
acids, dicyclopentadiene derivatives, polyoxyalkylene diols, 
polyurethanes, polybutadiene polyols or polyacrylates with hydroxyl end 
groups can be used. 

In the case of a composition of dicarboxyllc acids and diols only, 
10 beside the necessary unsaturated dicarboxylic acids substantially 
aliphatic dicarboxylic acids are used as dicarboxylic acid. 
The diol component is then formed by, substantially, diethylene glycol, 
criethylene glycol, tetramethylene glycol or dipropene glycol. Upon 
curing together with styrene, the resin should yield a relatively 
15 flexible product with an elongation at break of at least 50 Z and pre- 
ferably more Chan 75 2. 

The resins of type a) and type b) generally do not have a 
sharply defined melting point but rather have a softening range. 
Therefore, the melting point as determined by the ring-and-ball method 
20 according to ASTM E 2867 has been chosen as an indicator of the beha- 
viour at higher temperatures. 

As an indicator of the degree of brittleness or flexibility of the 
polyester, the elongation at break of the polyester cured with styrene 
has been given. Where possible,, curing of a 60 wt.Z solution of the 
25 polyester studied in styrene, with 2 wt.Z methyl ethyl ketone peroxide 
and 0.5 wt.Z cobalt acetate, at 25 »C, with post-curing at 100 «C, has 
been taken as the standard procedure. If possible, a 60 wt.Z solution is 
used'. If, however, che viscosity of such a solution becomes too high or 
the solubility of the polyester is too low, a lower concentration may be 
30 used, of 50 Z or 55 Z. Similarly, too low a viscosity of the solution, 
or the preparation of a rubbery test product, can be avoided by using a 
higher polyester concentration of 70 Z. 

The mixture of resins a) and b) consists for 70-98 wt.Z of 
resin a) . The ratio Chat is preferably chosen depends in part on the 
35 desired properties of the topcoat to be formed and on the type of resin 
b), but will in very many cases be 75-90 Z of resin a) and 10-25 wt.Z of 

resin b) . 
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Besides the resins a) and b) , the bonding agent may as component c con- 
tain one or more monomers and/or prepolymers which can copolymerize with 
the resins a) and b) » These monomers or prepolymers must have a boiling 
point of at least 200 °C and should not, or only to a very small extent, 
5 be volatile or yield volatile products at the temperature of application 
(between 90 and 180 °C) . 

The total amount of component: c) is at most 15 wt.Z, referred- to a) and 
b) together, and is preferably at most 7 wt.X. 

As component c) , especially high— boiling trif unctional monomers having a 

10 cross-linking action are suitable, such as, for example, triallyl 

isocyanurate, triallyl cyanurate or trimethylol propane triacrylate. Also 
dif unctional monomers may be used, however, or copolymerizable prepoly- 
mers such as a diallyl phthalate prepolymer. In general, monomer or pre- 
polymer are used only if this is necessary for obtaining special 

15 properties. 

The coating powder contains a catalyst for the curing of the 
unsaturated compounds. Especially peroxides are used, such as, for 
example, hydroperoxides, ketone peroxides and per— esters. The amount of 
catalyst is usually 0-5-5 wt.%, referred to the unsaturated components. 

20 In addition, a conventional accelerator may be present, for example a 
cobalt compound or a solid amine. Further, the powder may contain 
release agents, flow agents , fillers, pigments, stabilizers etc. The 
various components of the powder may separately or in two or more p re- 
mixes be ground to the desired particle size and then be mixed, or all 

25 components may be mixed together at a temperature at which all the orga- 
nic components are liquid. Further details are mentioned in, inter alia, 
tTS 4,287,310 and US 4,223,113. In the case of mixing at elevated tem- 
perature in the presence of a peroxide, polymerization may already occur 
to a certain degree. Such coating powders, in which the components have 

30 already undergone a slight copolymerization, also form part of the 

invention. The particle size of the powder is usually between 0.01 and 
0.20 mm, and preferably between 0.03 and 0.08 mm. 

The powder is applied to the mould wall or walls, which have a 
temperature of between 80 and 180 °C, preferably between 100 and 160 °C- 

35 The powder melts and forms a continuous layer. The polymer is allowed to 
harden to such an extent that the layer can withstand some mechanical 
load but has not yet hardened completely, so that good adhesion to the 
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polyester moulding compound is obtained. 

The ultimate topcoat in general has a thickness of between 0.05 and 0-8 
mo. The moulded object is in the half-mould method obtained by sub- 
sequently building up the walls of the object on top of the coat by 
applying unsaturated polyester and glass fibre, whether or not mixed, in 
several cycles and allowing the material to harden. 

The mould wall provided with the coating may also be part of a mould in 
which objects are made from polyesters at elevated temperature and 
increased pressure, via the SMC or BMC technique. 

The invention will be explained with reference to the 
following example, without being restricted to the mode of realization 
described therein . 

Examples 



Example 1 

A number of unsaturated polyesters suitable for application in 
the process according to the invention were prepared in the following 
manner : 

1. A resin A-l was prepared by condensation of isophthalic acid, maleic 
anhydride and propylene glycol, in the molar ratio 1:1:2. The resin was 
prepared by the fusion-cook, method and had an acid number of 30 (mg 
K0H/100 g of polymer) , a melting point ( ring- and-b all) of 85 and a 
viscosity, at 150 °C, of 100 dPa.s. 

Upon curing of a 60 wt.Z solution of resin A-l in styreue (at 25 a C with 
the aid of 2 wt.Z MESC peroxide and 0.5 wt.Z cobalt octoate) a product 
was obtained which had an elongation at break of 1-3 Z* 

2. In the above-described manner, resin A-2 was prepared starting from 
maleic anhydride , 1 , 1 f -isopropylidenebis-<-p . pheny leneoxy) -dipropanol-2 
and neopentyl glycol, in the molar ratio 2:1:1. 

The resin had an acid number of 20, a viscosity of 150 dPa.s at 150 a C 
and a melting point (ring-and-ball) of 100 °C 

Curing of a 55 wt.Z solution of resin A-2 in styrene yielded a product 
with an elongation at break of 2-4 Z (a 60 wt.Z solution is too 
viscous) . 

3. In the above-described manner, resin B-l was prepared starting from 
maleic anhydride, phthalic anhydride, adipic acid, ethylene glycol, 
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1,3-dihydroxypropane and peutaerythritol, In the molar ratio 
2:3:6:7:4.5:0.3. The acid number was 20, the viscosity at 100 *C was 25 
dPa.s and the polyester was an extremely viscous mass at room 
temperature. Curing of a 70 wt.Z solution of this polyester in styrene 
yielded a product with an elongation at break of 70 Z. 
4. The resin B-2 was prepared by modification of the unsaturated 
polyester with a dilsocyanate. First, a polyester with hydroxyl end 
groups was prepared as described above, on the basis of neopentyl 
glycol, adipic acid and malelc anhydride, in a molar ratio of 6:5:1. 
This polyester was next reacted with diphenylmethane diisocyanate (MDI) , 
the NC0/0H ratio being 0,5. 

The resin B-2 thus formed has a viscosity of 40 dPa.s at 100 'C- 
Curing of a 60 vt.Z solution in styrene yields a product with an elonga- 
tion at break of 90 Z. 

A powder was formulated by mixing in the manner described In 
US Patent 4,287,310 85 parts by weight of polyester A-l, 12 parts by 
weight of polyester B-2, 3 parts by weight of triallyl cyanurate, 2 
parts by weight of t-butylperbenzoate, 0.4 parts by weight of cobalt 
octoate, "2 parts* by weight of zinc stearate and 10 parts by weight of 
silica- The product thus obtained could be ground and screened to a mean 
particle size of between 0.03 and 0.08 mm, a fraction which was free- 
flowing at room temperature. It could successfully be used in in-mould 
coating according to XJS Patent 4,228,113. Using this procedure, it was 
possible to press from an SMC a polyester sheet of 3 mm thickness, pro- 
vided with a topcoat bending with the sheet without surface defects. 
Such a result could also be obtained with powders on the basis of resins 
A-l plus B-l and A-2 plus B-2, respectively. 
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CLAIMS 



* Powderous coating agent on the basis of an unsaturated polyester 
resin with hardening catalyst and, if so desired, other conventional 
additives, characterized in that the bonding agent in the powder con- 
sists of a mixture of: 

a) 70-98 wt.Z of one or more unsaturated polyester resins having a 
melting point of at least 70 *C as measured with the ring-and-ball 
method, which may occur as a free- flowing powder at temperatures of 
up to 25 °C, have- a degree of unsaturation of at least 15 (calculated 
as wt.Z maleic anhydride, referred to total polyester) and upon 
curing with styrene yield a product having an elongation at break, of 
at most 10 t, and 

b) 2-30 wt,Z of one or more unsaturated polyester resins which upon 
curing in combination with styrene yield a product having an elonga- 
tion at break of at least 50 2, the amount and the melting point of 
component b) being such that a mixture of a) and b) has a melting 
point (ring-and-ball) of at least 40 °C, and 

c) 0-15 wt.Z, referred to the mixture of a) and b) , of one or more 
copolymerlzable monomers and/ or pre polymers having a boiling point of 
at least 200 °C- 

2. Powderous coating agent according to claim 1, characterized in that 
the unsaturated polyester resin a) upon curing with styrene yields a 
product with an elongation at break of less than 5 Z. 

3- Powderous coating agent according to claims 1 and 2, characterized in 
that the polyester resin a) has a degree of unsaturation of at least 
20 wt.Z. 

4. Powderous coating agent according to claim 1-3, characterized in that 
the polyester resin b) upon curing with styrene yields a product 
( having an elongation at break of at least 75 Z. 

5. Powderous coating agent according to claim 1-4, characterized in that 
it contains 75-90 wt.Z of polyester a) and 10-25 wt.Z of polyester 
b). 

6. Powderous coating agent according to claims 1-5, characterized in 
that between 0.5 and 5 wt.Z of one or more high-boiling monomers 
and/or prepolymers are present referred to the overall amount of 
polyesters. a) and b) . 
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Powderous coating agent according to claims 1-6, characterized in 
that it has been obtained by intimately mixing the several components 
at a temperature above the melting point of the polyesters, the har- 
dening catalyst beiny added last and the mixture being cooled imme- 
diately afterwards and being ground, if necessary, to a particle size 
of between 0.01 mm and 0*2 mm. 

Process for malting objects by curing of an unsaturated polyester 
mixed, if so desired, with fillers and/or reinforcing materials, in 
or on a suitable mould, the wall of the mould first being provided 
along at least part of its surface with a coating, characterized in 
that the coating has been obtained by applying a powder according to 
any of the claims 1-7 to the mould wall and allowing it to cure to a 
not fully hardened layer* 
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